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ABSTRACT

Results obtained with a tapered-wiggler free-electron laser show

deceleration cf electrons by as much as 7%, and extraction of mor,’ than

3% of the total el~ctron-bcarn ent~rgy as laser energy,
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Theoretical predictions ..~ve indicated that by properly varying (tapering)

the period and strength of the wiggler field in a free-electron laser, the

energy extracted from the electron beam as laser radiation can be iflcrcased

from a few tenths of one per cent to several percent or more (l). According

to these predictions, at sufficiently high incident laser power (of the order

of a gigawatt) sorer of the electrons become trnpped In stable-phase regions

(“buckeLs”) of the pondrromotivc potenLia] created by the inriden~ laser enr!

wig~ler fields, Sinc~ the “huckrL&” can be drcelprated hy properly LaperinK

Lhv wigKIcr firld, Lhr Lrapprd rlertrons ran br dect?lcrat.rd as wPll to extrutt

of thr orrlrr of” 10% Of tllcir envrxy as ltifier radiation, The unLrnpprd rlccLroll:;

rrmuiu llPilf’ thrir t)rizin{ll rnrrgy nn(l c’ontl’ihuto liltlr Lo Lhr rndint ion

l’irldi

To trt+t thi~ lhvory, 1111rxprrlmrnt htiN hc’rl~ rnrrifvl OIit wltl) n 20-MrV

rlrrlron hc;lm, nri KhowlI III l’i~, 1. Thr rlt~ctron I]rnrn hrnd nn avrrnKr rurrvnt

o!’ ahou~ 250 mA, mI rllrrgy Nprcnd o!’ (),5%, UII rmltt.nn(”r of ().5 n mm-mrn(l, MII(I

11 ~)U]13P Irllxth of \ IIN. ‘h (X)2 lnNcr hiid II p(’nk powrr 01 I GW. op~’tmiitin~ 011

n NIIIKIP longltutllnul nnd trn[lf4vrrHr modr, with n pIllNP ltw~!h vrtrlahlr irom

] tO 10 IIN. ‘h’ W~K~]Vlm WIIN I m loll~ Illld Ilri!’(1 SmCOr, prrmnnrnt mn~fwt~ to

(’rrnte n 0,:1-T f Irld wlLh n p’rlod ~nprrcsd from 2. / cm hl tlir r~~lrnnrcs 10

2.4 [’m nt the rxlt, [h(b; dPN~~ll ()~)f’rllt ~11~ (’ollditi OllN, Jh)llt h~]j of th(’
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Fi8. 1. Schemstic dia8ram of the Loo Almoe free-electron laser experiment
(AP-I-VG814811-1).



4

electrons are predicted to become trapped in the “ponderomotive potefitial” and

be decelerated about 7% (2). The average deceleration under these ccmditions

is predicted to be more than 3%. As shown in Fig. 1, the experimental diag-

nostics included an electron spectrometer to measure the energy spectrum of

the electrons leaving the wiggler and an optical deLeL?~r to measure the

amplification of the C02 laser beam (3). Only the results of the electron

spectrometer are discussed here.

A typical electron spectrum is shown in Fig. 2. The spt=ctru.m displays

the double-peaked electron-energy distribution function predicted by theory.

The high-energy peak near the original en<rgy contains those electrons not

trapped in the ponderomotive potential , while the low-energy peak contains

those eiecLi-cz~ trapped in the ponderomotive potential and decelerated with

the taper in the wiggler period. For the ccmditions of this measurement, the

trapped electrons represented about 60% of the total and were decelerated

about 6.5%. The total extraction (corresponding to the average deceleration

of the electrons) was about 3,5% of the initial electron energy. ‘his is

about an order of magnitlld(= larger than has been obtained in experiments using

uniform (untapered) wigglers,

As shown in Fig. 3, the average energy extracted from the e;.ec~ron beam

depended on the initial energy of the electrons. ?l;~ximum extraction occurred

when the electrons entered nt the resonant energy, corresponding to the velor-

ity of th~ potentiti] energy wells at the wiggl(l” entrance. In fact, by injecting

the elect.ron~ at LOO low an energy, they could be accelerated instead of

decelerau=d, corre~ponding to las~r absorption intitead of gain.

Figure (4) shuws thr saturaL~on behavior of lhr amplifier as the input

lasrr power wa~ {ncrcased. Since the slopr of a line connertin~ the orig~n
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AT 0,75 GW MORE THAN SO% OF THE

ELECTRONS ARE TRAPPED
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Fi8. 2. Electron distribution funcLion ●t an input optical power of 0, 7S GW
(AP- I-VG-9231) .
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Fig. 3. Average energy extraction at an input optical powr of 0.75 GW
(AP- 1-VG-9548) .
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Fia. 4. Saturation of Afree-electron- laser ampllfier at an incident

electron-beam ●nergy of 20.9 MeV (AP-I-VG-9226).
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with a given data point is proportional to the amplifier gain, it is clear

that the small signal gain (below about 0.2 GW) was smaller than the saturated

gain (from about 0.2 to 1.0 GW). This is in good agreement with theoretical

predictions. The inflection point near 0.2 GWis due to the threshold (arourd

0.1 GW) for the formation cf stable-phase regions (“buckets”).
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